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Past  performance  of  Loch  Raven  Dam  shows  it  has  withstood  a storm  the 
magnitude  of  "Agnes"  without  noticeable  structural  damage.  However, 

Phase  I review  of  the  spillway  capacity  and  structural  stability  of  the 
dam  has  Identified  a spillway  that  Is  Inadequate  for  one— half  the  prob- 
able marl mum  flood  and  a theoretical  stability  that  is  questionable. 
Concern  over  these  two  Items  has  led  to  recommending  the  performance 
of  an  in-depth  stability  analysis,  and  a hydrology  and  hydraulic  analy- 
sis examining  the  possibility  of  reducing  the  overtopping  potential. 

The  lack  of  design  Information  on  the  structure  emphasizes  the  need  for 
establishing  design  parameters  through  the  analysis. 

In  addition.  It  Is  recommended  that  further  Inspection  and  investigation 
of  the  spillway  toe  and  extreme  left  inspection  well  be  undertaken.  A 
formal  warning  system,  to  alert  the  downstream  areas  of  Impending  dangers, 
with  established  contacts  and  procedures  should  be  Implemented  along  with 
a system  of  periodic  inspections  and  documentation. 
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DIST^PUTION  STATEMENT  A 

A~r>  r.-'d  (or  public  release: 
Oht.i'jutiom  Unlimited 


General: 


a.  Authority.  The  Inspection  was  authorized  by  the  Dam  Inspection 
Act  Public  Law  92-367  and  was  performed  at  the  request  of  the  State  of 
Maryland  as  the  initial  Inspection  within  that  state. 

b,  Purpose  of  Inspection.-^ The  Phase  I Inspection  is  an  evaluation 
of  existing  engineering  data  and  a visual  Inspection  of  the  dam  and 
appurtenances  in  an  effort  to  determine  if  it  constitutes  a hazard  to 
human  life  or  property,  and  to  Identify  the  need  for  additional  studies, 
investigations  or  analyses. 


Description  of  Project: 


a.  Description  of  Dam  and  Appurtenances.  Loch  Raven  Dam  is  a con- 
crete gravity  structure  approximately  620  feet  in  length  with  a centrally 
located  ungated  spillway  288  feet  in  length.  The  top  of  dam  is  at  ele- 
vation 248.0,  about  84  feet  above  the  streambed.  The  crest  of  the  over- 
flow section  is  at  elevation  240.0.  The  base  width  is  estimated  at  114 
feet. 

b.  Location.  The  dam  is  located  on  Gunpowder  Falls  about  9.5  miles 
above  its  confluence  with  the  Gunpowder  River,  and  approximately  22  miles 
downstream  of  Prettyboy  Reservoir  (drainage  area  80  square  miles) . 

' c.  Size  Classification.  Large  (84  feet  high,  72,700  Acre-Feet). 

d.  Hazard  Classification.  The  potential  for  the  loss  of  a number 

of  lives  in  the  event  of  a dam  failure  classified  the  dam  as  a high  hazard. 

e.  Ownership.  The  structure  is  owned  and  operated  by  the  City  of 
Baltimore. 

f.  Purpose  of  Dam.  The  primary  purpose  of  the  dam  is  of  water  supply 
for  the  City  of  Baltimore.  The  lake  also  serves  for  recreation. 

g«  Design  and  Construction  History.  The  present  Loch  Raven  Dam  was 
constructed  in  1921  to  provide  additional  storage  for  the  City  of  Balti- 
more's vater  supply.  It  was  built  approximately  2000  ft.  upstream  of  a 
dam  constructed  in  1881  by  the  City  for  water  supply.  No  design  compu- 
tations were  available  for  the  existing  dam,  but  available  construction 
drawings  revealed  that  the  present  dam  was  an  addition  to  a structure 
built  lc  1912  to  elevation  188.0.  (See  typical  overflow  section  Appendix  B). 
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h.  Normal  Operation  Procedures.  With  the  main  function  of  the  Am 
being  delegated  to  water  supply  for  the  City  of  Baltimore,  the  normal 
operation  is  focused  on  selective  level  intakes.  This  is  accomplished 
through  IS  different  gates  at  4 levels.  These  selective  intakes  feed 
a 10-foot  diameter  collector  system  that  delivers  the  water  to  the 
City's  Montebello  filtration  plant.  There  are  no  means  of  regulating 
flow  downstream  of  the  dam.  The  only  flow  that  passes  downstream  is 
that  which  exceeds  the  spillway  crest. 

1.3  Pertinent  Data: 

a.  Drainage  Area:  303  square  miles. 

b.  Discharge  at  Damsite:  The  maximum  known  flood  at  the  damsite 
was  that  produced  by  Tropical  Storm  Agnes  which  topped  the  non-overflow 
section  of  the  dam  by  approximately  6 inches.  The  discharge  associated 
with  this  flood  is  estimated  to  be  30,000  cubic  feet  per  second  (cfs). 

The  computated  maximum  spillway  capacity  is  27,000  cfs. 

c.  Elevation; 

Top  of  Dam  - 248.0 
Spillway  Crest  - 240.0 

Normal  Tailwater  (based  on  the  crest  of  downstream  dam)  - 171.0+ 
Streambed  at  centerline  of  dam  - 164.0+ 

d.  Reservoir 

Length  of  maximum  pool  - 7.5  miles  + 

e.  Storage  (acre-feet) 

Storage  at  spillway  crest  - 72,700  acre-feet 

f . Reservoir  Surface: 

Reservoir  Surface  at  spillway  crest  - 2,400  acres. 

g.  Dam: 

Type:  Concrete  gravity 
Length:  620+  ft. 

Height : 84  ft.  from  streambed  to  top  of  dam 

Top  Width:  14'  + 

Side  Slopes:  Upstream-vertical  face;  Downstream  - spillway 
section  0.62H:1V  +;  dam  section  0.65H:1V  + 

Cutoff:  Upstream  concrete  shear  key  into  rock  foundation 
Grout  curtain:  None 
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h.  Diversion  and  Regulating  Tunnel:  The  only  means  of  regulation 
are  the  selective  Intakes  used  for  the  City  of  Baltimore's  water  supply. 
Two  48  Inch  low  flow  by-passes  were  originally  constructed  but  are  not 
operable;  one  has  been  sealed  and  the  other  Is  believed  to  be  silted. 


1.  Spillway; 


Type:  concrete  gravity  uncontrolled 
Length  of  Weir:  288  feet 
Crest  Elevation:  240.0 


SECTION  2 
ENGINEERING  DATA 


] 
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2.1  Pea lgn:  Availability  of  Information.  No  original  design  infor- 
mation is  available  other  than  the  contract  drawings  for  the  dam 
raising  in  1921.  Although  these  drawings  have  no  as-built  notations, 
they  appear  to  be  an  accurate  representation  of  the  structure  Itself. 
However,  information  as  to  the  excavation  grades  of  the  dam  foundation 
is  vague.  Apparently,  the  construction  of  the  base  upon  which  the  pre- 
sent dam  was  built  was  not  documented,  thus  the  actual  extent  of 
excavation  and  concrete  placement  is  unknown. 

Contract  drawings  for  proposed  remedial  "cosmetic"  treatment  to  the 
surfaces  of  the  dam,  and  gate  repairs,  are  also  available.  This  contract 
is  to  be  awarded  in  the  near  future  by  the  City  of  Baltimore. 

In  1968  the  City  contracted  with  the  architect-engineer  firm  of  Whitman, 
Requardt  and  Associates  to  evaluate  the  structural  integrity  of  the  dam 
and  take  concrete  core  samples  to  perform  strength  tests  at  various 
locations  on  the  dam.  The  results  of  these  tests  were  available  for  the 
inspection  team.  The  majority  of  the  concrete  test  samples  were  2-4  feet 
from  the  surface  and  h&ve  little  bearing  on  the  overall  structural  strength 
of  the  dam.  Two  borings  were  taken  through  the  toe  of  the  overflow  section 
of  the  structure  into  the  rock  foundation.  .The  borings  were  available  for 
inspection  and  provided  some  informational  value,  but  geologic  logs  could 
not  be  located.  A letter  from  the  architect-engineer  to  the  City  indi- 
cated their  Investigation  did  not  reveal  any  structural  weakness  or  deter- 
ioration of  the  foundation. 

2.2  Construction:  Availability  of  Information.  Drawings  showing  the 
upper  portion  of  the  dam  were  available  for  review.  No  drawings  of  the 
iower  section  and  its  foundation  excavation  limits  were  on  file. 

2.3  Operation:  Availability  of  Information.  No  detailed  operational 
data  are  available.  Stage  information  is  recorded  and  forwarded  to  the 
offices  at  Liberty  Dam.  The  operation  of  the  intake  gates  is  based  upon 
the  water  demands  in  the  City  and  the  water  quality  within  the  reservoir. 
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SECTION  3 
VISUAL  INSPECTION 


3*1  Findings 

a.  General 

Field  inspections  were  accomplished  on  14  and  16  December  1977. 

Due  to  heavy  rainfall  on  the  14th , the  visual  inspection  was  limited 
to  observation  from  the  right  abutment  non-overflow  section,  inspection 
of  the  upper  gallery,  and  an  examination  of  the  concrete  core  samples 
taken  from  the  dam  in  1968.  A second  Inspection  was  conducted  on  16 
December  during  clear  weather  with  frost  on  the  ground.  The  downstream 
pool  had  been  drained  to  allow  inspection  of  the  spillway  toe.  In 
addition,  the  abutments  were  Inspected. 

b.  Dam 

(1)  Visual  inspection  revealed  no  noticeable  misalignment  along 
the  axis  of  the  dam.  No  evidence  of  movement  at  the  abutments  were 
noted. 

j ... 

(2)  Considerable  surface  deterioration  (spalling)  of  the  concrete 
was  evident  on  the  crest  and  downstream  face  of  the  spillway  and  the 
upstream  face  of  the  dam  in  the  zone  of  pool  fluctuation.  The  probable 
cause  of  such  deterioration  is  freezing  and  thawing  and  erosion  of  the 
spillway  crest  and  downstream  face.  The  depth  of  deterioration  appeared 
to  be  as  much  as  12  to  18  inches  at  the  worst  locations,  exposing  temper- 
ature reinforcement.  Although  not  showing  the  magnitude  of  deterioration 
as  the  spillway,  the  non-overflow  section  had  spalling  and  uplifting  of 

a gunite  surfacing  believed  to  have  been  placed  in  the  1940's. 

(3)  Observations  in  the  upper  Inspection  gallery  showed  some 
deterioration  of  concrete  adjacent  to  construction  joints  (maximum  of 
perhaps  one-inch)  but  no  signs  of  misalignment  due  to  monolith  move- 
ment. The  surface  of  the  concrete  in  the  gallery  appears  sound,  gen- 
erally moist  to  wet  on  the  upstream  wall  and  celling,  and  moist  to  dry 
on  the  downstream  wall  and  floor.  Moderate  to  heavy  efflorscence  was 
emanating  from  construction  joints  on  the  upstream  walls  of  the  gallery 
and  vertical  inspection  wells.  Varying  water  depths  were  noted  in  the 
3*  x 3'  vertical  inspection  wells.  Six  inch  collector  drains,  located 
in  the  horizontal  construction  joints  five  feet  inside  the  upstream  face 
of  the  dam,  exit  into  the  Inspection  wells.  Most  of  the  drains  appear 
to.  be  functional  as  evidenced  by  flowing  water  and  efflorescence  at  the 
opening  to  the  inspection  well.  Water  was  observed  flowing  into  the 
inspection  well  at  Sta.  0+34W  through  a vertical  joint  approximately 

4 feet  above  the  gallery  floor.  According  to  the  dam  superintendent, 
this  had  been  occuring  for  a number  of  years,  often  at  a greater  rate. 
However,  he  had  not  been  in  the  inspection  gallery  in  approximately  five 


years.  The  extreme  left  inspection  veil,  Sta.  3+00E,  was  filled  with 
water  covering  part  of  the  gallery  floor. 

(4)  A lower  inspection  gallery  is  contained  in  the  base  of  the  dam 
but  remains  filled  with  water.  The  only  means  of  entering  this  gallery 
would  be  to  lower  the  downstream  pool  and  pumping  the  gallery  dry.  The 
last  time  such  an  inspection  was  done  was  1968,  when  the  firm  of  Whitman, 
Jtequardt  and  Associates  investigated  the  dam. 

(5)  The  dam  is  founded  on  a schistose  gneiss  which  was  observed  to 
be  unweathered  in  the  two  rock  core  borings  drilled  through  the  down- 
stream overflow  section  and  in  outcrops  on  the  upstream  side  of  the 
right  abutment.  Exposed  bedrock  on  the  left  abutment  above  the  top  of 
dam  is  weathered,  suggesting  similar  rock  could  underlie  the  non-overflow 
section  on  that  side.  The  nearly  vertical  joint  plane  on  the  left  abut- 
ment outcrop  also  suggests  that  rock  excavation  to  neat  lines  and  grades, 
as  shown  on  the  contract  drawings,  were  not  attained  during  construction, 
or  they  were  difficult  to  construct. 

(6)  Dnweathered  bedrock  bonded  to  concrete  at  the  rock  contact,  as 
evidenced  by  the  borings,  suggests  a good  foundation  bond. 

(7)  Seepage  along  a horizontal  construction  joint  was  observed  on 
the  overflow  section  n£ar  the  right  side  and  on  the  non-overflow  section 
on  the  upstream  side  of  the  left  abutment  above  the  pool  elevation.  (See 
photographs) 

(8)  Although  the  lower  reservoir  had  been  dewatered,  on  the  16th, 

a small  pool  of  water  still  remained  along  the  toe  of  the  spillway.  This 
pool  was  in  a pocket  apparently  formed  by  the  scoured  rock  eroded  at  the 
toe  of  the  overflow  section.  The  extent  of  scouring  could  not  be  deter- 
mined. A thin  layer  of  ice  had  covered  the  pool  except  for  an  area  at  the 
end  of  the  concrete  apron  near  the  center  of  the  second  overflow  monolith 
from  the  right  abutment.  Light  turbidity  was  observed  in  this  location. 

c.  Reservoir  Area:  No  reservoir  slides  were  noted  in  the  general  area 
Just  upstream  from  the  dam. 

d.  Downstream  Channel:  Approximately  2000  ft.  downstream  from  the 
dam  is  a smaller  dam  constructed  in  1881.  Severe  siltation  in  the  reser- 
voir area  of  this  dam  has  reduced  its  capacity  significantly.  This  sil- 
tation presents  no  restriction  to  the  spillway  discharge. 


I 


SECTION  5 

HYDRAULIC /HYDROLOGIC 


5.1  Evaluation  of  Features 

a.  Design  Data 

Since  no  spillway  design  data  are  available,  the  adequacy  of  design 
data  cannot  be  determined.  Assuming  3 ft.  of  freeboard  over  the  spill- 
way, a spillway  design  discharge  is  computed  to  be  approximately  13,000 
cfs.  with  a coefficient  of  discharge  of  4.0. 

b.  Experience  Data 

Tropical  Storm  Agnes,  estimated  to  be  about  a 500  year  event,  pro- 
duced the  largest  flood  at  the  damsite  anyone  associated  with  the  dam 
could  recall.  This  flood  actually  overtopped  the  non-overflow  section 
by  approximately  6 inches.  It  was  reported  that  during  Agnes,  all  water 
supply  gates  were  closed  and  a stage  of  248.5  was  attained.  This  stage 
produced  a calculated  discharge  of  about  30,000  cfs.,  approximately  15% 
of  the  PMF. 

¥ 

c.  Overtopping  Potential 

The  estimated  probable  maximum  flood  (PMF),  based  on  a comparison 
of  discharge  per  square  mile  vs.  drainage  area  for  computed  PMF's  in  the 
Potomac  and  Patuxent  River  Basins,  is  approximately  200,000  cfs.  One- 
half  of  the  PMF  or  100,000  cfs.  was  used  to  evaluate  the  overtopping 
potential  and  stability  of  the  dam.  This  discharge  of  100,000  cfs. 
exceeds  the  maximum  capacity  of  the  spillway  crest  and  is  7 feet  above 
top  of  dam.  The  tailwater  associated  with  this  discharge  would  be  at 
approximately  186  feet  MSL. 

Based  on  one-half  the  PMF  discharge  and  stage,  the  spillway  of  Loch  Raven 
Is  considered  to  be  grossly  inadequate  in  that  it  Is  not  capable  of  passing 
one-half  of  the  PMF  without  substantial  overtopping.  Although  overtopping 
of  a concrete  gravity  structure  is  not  considered  as  critical  as  for  an 
earthen  dam,  it  could  develop  into  failure.  The  resulting  failure  may  be 
caused  by  erosion  of  the  abutments,  overturning  created  by  excessive  head, 
or  sliding. 

Assuming  that  the  reservoir  is  maintained  at  spillway  crest  (no  flood 
control  storage) , the  impact  of  a failure  at  one-half  the  PMF  on  the  down- 
stream flows  may  not  be  significant  since  the  downstream  flow  would  be 
equal  to  the  inflow.  However,  during  a failure  of  the  dam  at  spillway 
capacity  downstream  flows  would  be  significantly  increased.  Any  of  the 
mentioned  failures  would  effectively  eliminate  the  Loch  Raven  Reservoir 
as  a source  of  the  City's  water  supply.  Consequently,  the  Prettyboy 
Reservoir,  located  upstream  of  Loch  Raven,  would  be  negated  in  that  its 
stored  water  could  not  reach. the  City. 


SECTION  6 

STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 


No  unusual  indications  of  structural  instability  were  noted.  The 
possibility  of  scour  beneath  the  downstream  concrete  apron  should  be 
closely  observed  to  avoid  the  possible  development  of  future  problems. 

b.  Design  and  Construction  Data 

The  available  data  were  listed  in  Section  2 - Engineering  Data. 

Since  no  design  information  or  analysis  are  available,  no  evaluation 
is  given.  In  order  to  evaluate  the  theoretical  structural  stability, 
an  analysis  based  on  loadings  derived  from  hydrologic  and  foundation 
data  would  be  required  in  accordance  with  paragraphs  2.6.1  and  4.4.4. 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams."  A pre- 
liminary stability  analysis  was  performed  to  determine  the  need  for  in- 
vestigations and  detailed  analysis.  This  is  further  discussed  in  para- 
graph 6.1e. 

c.  Operating  Records 

No  operating  records  other  than  spillway  stage  data  are  available. 

The  dam  was  reported  to  have  been  overtopped  during  Tropical  Storm  Agnes 
by  approximately  six  inches.  No  apparent  problems  were  encountered,  nor 
developed,  as  a result  of  this  event.  This,  coupled  with  the  fact  that 
the  dam  has  been  operating  for  55  years  under  various  conditions  with  no 
visible  structural  problems,  would  appear  to  indicate  that  the  dam  is 
stable  under  normal  operating  conditions. 

d.  Post  Construction  Changes 

Except  for  sealing  of  the  48  inch  by-pass,  all  changes  to  the  dam 
since  completion  in  1922  have  apparently  been  cosmetic. 

e.  Stability  Analysis  Performed 

In  the  absence  of  a stability  analysis  in  the  existing  records,  a 
preliminary  analysis  to  obtain  a feel  for  the  relative  theoretical  sta- 
bility of  the  dam  was  performed  as  part  of  this  Phase  I investigation 
(see  Appendix  D) . This  analysis  included  calculations  for  overturning 
and  sliding.  The  analysis  does  not  include  stress  computations,  as  these 
generally  are  not  critical  for  a gravity  type  structure. 


The  analysis  was  performed  for  two  loading  conditions,  the  observed  flow 
caused  by  tropical  storm  Agnes  (the  maximum  known  flood  at  the  damslte), 
and  one-half  the  probable  maximum  flood.  The  results  of  this  analysis 
Indicate  that  the  theoretical  overturning  resistance  for  the  Agnes  flood 
was  barely  adequate  and  that  the  section  might  not  pass  a flood  of  the 
magnitude  of  1/2  PMF.  The  sliding  analysis  also  Indicates  factors  of 
safety  which  are  below  those  set  forth  in  the  ‘'Guidelines,"  but  are  close 
to  those  required  by  the  State  of  Maryland  (3.0  vs.  1.5).  It  should  be 
noted  that  this  analysis  is  limited  to  one  section  of  the  dam  and  is 
based  upon  sketchy  knowledge  of  the  lower  portion  of  the  dam  and  its  foun- 
dation. Rock  strength  values  used  were  based  upon  the  type  of  bedrock 
suspected  to  be  underlying  the  dam.  Bedrock  with  similar  characteristics 
underlies  the  Brighton  Dam  on  the  Patuxent  River  between  Baltimore  and 
Washington.  A detailed  study  of  rock  strength  and  joint  orientation  for 
the  Brighton  Dam  foundation  yielded  strength  values  of: 


Angle  of 

Internal  Friction 

Shear  Stress 
0 Normal  Load 

at 

(psi) 

Rock  to  concrete 

35° 

24 

Natural  joints  perpen- 
dicular to  foliation 

30° 

22 

Natural  joints  parallel 
to  foliation 

23° 

22 

The  analysis  performed  for  Loch  Raven  utilized  the  above  values  for  a 
typical  idealized  section.  There  may,  however,  be  more  critical  sections 
along  the  length  of  the  dam  and  more  critical  failure  planes  within  the 
height  of  the  dam. 

f.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  1.  Determination  of  seismic  hazard 
potential  *ur  dams  in  Zones  0 thru  2 is  contingent  upon  their  adequacy  for 
static  stability  conditions  and  conventional  safety  margins.  Without  the 
stability  analysis  discussed  in  paragraph  b.  above,  the  theoretical  seismic 
stability  cannot  be  assessed. 


SECTION  7 

ASSESSMENT/REMEDIAL  MEASURES  AND  RECOMMENDATIONS 


7.1  Dam  Assessment 

The  Loch  Raven  Dam  was  Inspected  without  the  benefit  of  design  or 
construction  data,  other  than  contract  drawings  for  the  upper  portion 
of  the  dam.  Based  on  the  visual  Inspection  made  and  the  operational 
history,  the  dam  appears  stable  under  normal  loading  conditions.  Yet, 
uncertainties  In  the  foundation  conditions,  and  hydraulic  and  stability 
designs  still  exist.  The  borderline  overturning  resistance  computed, 
the  Inability  of  the  spillway  to  pass  one-half  the  PMF,  and  the  lack 
of  design  information  accentuates  a need  for  continued  inspection  and 
observation  to  assure  potential  problems  can  be  detected  in  early  stages. 
Further  Investigations  and  analyses  should  be  undertaken  to  assure  safe 
operation  of  this  dam. 

7.2  Remedial  Measures  and  Recommendations 


In  light  of  the  findings  of  this  Phase  I Investigation,  It  Is  recom- 
mended that  Immediate  attention  be  directed  to  the  following: 

a.  Structures  and  Appurtenances: 

(1)  An  in-depth  stability  analysis,  as  discussed  in  paragraph  6.1b, 
should  be  performed  for  an  adequate  evaluation  of  the  structural  stability 
of  the  dam.  The  need  for  this  analysis  is  emphasized  by: 

(a)  The  stability  analysis  performed  as  part  of  this  Phase  I inves- 
tigation which  indicates  marginal  factors  of  safety. 

(b)  The  lack  of  adequate  foundation  data  to  assess  the  sliding  re- 
sistance of  the  rock  and  the  uplift  pressures  on  the  dam. 

(c)  The  lack  of  adequate  information  on  the  original  construction 
(l.e.,  the  lower  portion  of  the  dam). 

(d)  The  guideline  requirement  for  such  an  analysis  for  all  dams  in 
the  high  hazard  category. 

(2)  A thorough  analysis  of  the  drainage  basin  hydrology  and  the 
hydraulics  of  the  dam  for  the  probable  maximum  flood,  examining  the 
possibilities  of  reducing  the  overtopping  potential,  should  be  performed. 

C 

(3)  The  downstream  toe  of  the  dam  should  be  completely  dewatered, 
along  with  the  lower  inspection  gallery,  and  thoroughly  inspected.  In 
the  event  of  excessive  scouring  and  undermining  of  the  toe,  an  evaluation 
of  the  foundation  and  the  scouring  effects  will  have  to  be  made,  and  cor- 
rective action  taken. 


(4)  The  horizontal  drains  In  the  Inspection  gallery,  although  appar- 
ently functioning,  should  be  cleared  of  efflorescent  deposits  to  allow 
free  draining.  In  conjunction  with  this,  an  investigation  should  be  made 
to  determine  the  cause  of  Impoundment  in  the  extreme  left  Inspection  well. 

(5)  The  48-inch  by-passes  should  be  restored,  or  other  means  provided, 
to  facilitate  drawdown  capabilities  and  the  ability  to  drain  the  reservoir. 

h.  Operation  and  Maintenance  Procedures: 

(1)  A formal  warning  system  with  established  contacts  and  procedures 
should  be  Implemented. 

(2)  A formal  system  of  periodic  inspections  and  documentation  should 
be  implemented  to  Insure  that  deterioration  is  monitored. 
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The  purpose  of  this  analysis  Is  to  obtain  a feel  for  the  structural  sta- 
bility of  Loch  Raven  Dam.  Due  to  lack  of  specific  information,  assump- 
tions concerning  the  foundation  of  the  dam  have  been  necessary.  The 
assumed  dimensions  have  been  taken  from  drawings  prepared  by  the  Dept, 
of  Public  Improvements,  City  of  Baltimore,  dated  Feb  23,  1921.  These 
drawings  were  prepared  for  the  raising  of  the  dam  from  EL  188  to  its 
present  height.  Most  of  the  information  contained  on  the  drawings  be- 
low that  elevation  is  subject  to  question. 

The  analysis  Investigates  the  ability  of  the  overflow  section  to  resist 
overturning  and  sliding.  No  stress  analysis  is  included  as  stresses 
are  not  normally  critical  for  a gravity  type  concrete  dam. 

Two  cases  were  considered  in  the  analysis  to  obtain  the  loading.  Case 
I is  for  the  flow  observed  during  Tropical  Storm  "Agnes"  in  1972  - the 
maximum  reported  flow  at  the  damsite.  Case  II  is  for  one-half  the 
Probable  Maximum  Flood"  _(PMF). 


RESULTS: 


Safety  Factors 


Pool  El 

Tailwater  El 

Overturning 

Sliding 
@ Base 

Sliding 
@ Rock  Plane 

Case 

I 

248.5' 

171.2' 

1.13 

2.26 

- 

Case 

II 

255.0' 

186.0' 

1.02 

1.82 

1.78 

CONCLUSIONS: 

The  factors  of  safety  resulting  from  the  analysis  are  considered  to  be 
low  for  a dam  in  the  "high  hazard"  (as  measure  of  potential  downstream 
damage  resulting  from  failure  of  the  dam)  category.  Those  for  sliding 
are  below  the  factors  of  safety  recommended  by  the  "Guidelines  for 

Inspection  of  Dams".  The  factors  of  safety  against  overturning 
are  considered  to  be  close  enough  to  1.0  that  unknowns  used  in  the 
analysis  preclude  a definite  assessment  of  the  dam's  ability  to  ade- 
quately resist  overturning.  For  example,  one  large  unknown  is  the 
magnitude  of  uplift  on  the  structure.  Since  there  was  no  indication 
of  a grout  curtain  or  foundation  drains,  uplift  is  considered  to  be 
100X  but  could  be  less  depending  upon  the  jointing  in  the  foundation 
rock.  Of  the  two  failure  modes  investigated,  overturning  seems  to  be 
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